Polypoidal choroidal vasculopathy (PCV) is a condition first described in the early 1990s, in which patients were found to have characteristic subretinal nodular polypoidal vascular lesions on indocyanine green angiography (ICGA) that led to recurrent episodes of hemorrhagic and serous maculopathy and multiple pigment epithelial detachments.^[@R1],[@R2]^ Over the past 3 decades, advancements in molecular genetics, imaging technology, and rapid developments of various treatment modalities have greatly enhanced our understanding in the pathogenesis, diagnosis, and treatment of patients with PCV. This review aims to provide an overview of the current literature in the epidemiology, pathogenesis, genetics of PCV, and recent research findings in the diagnosis and treatment of PCV.

EPIDEMIOLOGY OF PCV
===================

There is growing evidence of increasing prevalence of age-related macular degeneration (AMD) worldwide. In Asian population-based studies, the prevalence of early AMD and late AMD has been reported to range from 1.4% to 37.9% and 0.1% to 7.3%, respectively.^[@R3]^ However, the accurate prevalence rate of PCV remains unclear in the general population, as it is inherently difficult to diagnose PCV purely based on fundus photographs alone as performed in most population-based epidemiological studies.

PCV is known to have a predilection for pigmented races.^[@R4]^ To date, only TW2 studies have attempted to estimate the prevalence rate of PCV in the general population. The Beijing Eye Study conducted in northern China reported the prevalence of PCV using clinical and optical coherence tomography (OCT) findings.^[@R5]^ PCV was diagnosed by an elevated orange-red lesion on fundus photographs characterized by a double-layer sign and a high dome-shaped pigment epithelial detachment on OCT.^[@R5]^ Among the 3468 participants in the study, PCV was found in 18 eyes of 17 subjects (prevalence rate of 0.5%). However, the study did not perform ICGA, that is the criterion standard for the diagnosis of PCV. The Hisayama study conducted in southern Japan evaluated the prevalence rate of PCV using fundus photographs and ICGA.^[@R6]^ In the study, 2663 participants were first screened with fundus photographs and 43 subjects were suspected to have the features of late AMD. These 43 subjects then underwent fluorescein angiography (FA) and ICGA, and consequently, 10 were diagnosed as early AMD, 10 as PCV, 22 as neovascular AMD without PCV, and the remaining was a case of geographic atrophy. As a result, the estimated prevalence rate of PCV was 0.4%, and this accounted for 30.3% among the study subjects with late AMD. However, the study did not consider the findings on OCT. Future advancements in noninvasive assessments and more established diagnostic criteria will clarify the more precise prevalence and incidence of PCV in the general population.

Despite the paucity of evidence in population-based studies, many hospital-based and clinic-based studies also reported the proportion of PCV among patients presenting with neovascular AMD based on ICGA findings. In white patients, the reported proportion of PCV ranged from 4% to 13.9%.^[@R7]--[@R11]^ On the contrary, the proportion of PCV was reportedly to range from 22.3% to 61.6% in Asian patients.^[@R12]--[@R20]^ Therefore, the prevalence of PCV seemed to be much higher in Asians than in whites.

Initially, PCV was thought to be more prevalent in females.^[@R21],[@R22]^ However, subsequent reports from Asian populations have demonstrated a male preponderance. Moreover, when compared with typical AMD patients, lower prevalence of bilateral disease and younger onset were generally found in PCV patients.

RISK FACTORS OF PCV
===================

There have been numerous studies which have evaluated the risk factors for AMD in whites; however, there are fewer large scale well-conducted studies in Asians, especially regarding PCV. Based on Asian hospital-based studies, it seemed that there were significant overlaps in the risk factors between typical AMD and PCV. Cigarette smoking is the most consistent risk factor both in typical AMD and PCV.^[@R23]--[@R26]^ Several studies have also reported that females have lower risk for both typical AMD and PCV.^[@R25],[@R27]^ In additional, higher body mass index and raised serum levels of C-reactive protein were known to increase the risk for both typical AMD and PCV.^[@R23],[@R25],[@R28]^ In terms of ocular risk factors, hyperopic shift was observed both in typical AMD and PCV compared with the controls.^[@R23]^ However, the association with the other systemic factors such as diabetes mellitus, hypertension, hyperlipidemia, stroke, and coronary artery disease were inconsistent. In population-based studies, the Beijing Eye Study showed that thicker subfoveal choroidal thickness and thicker central corneal thickness were observed in PCV eyes compared with controls.^[@R5]^ The Hisayama Study found that male sex and smoking were significant risk factors for PCV and for typical AMD.^[@R6]^

A number of hospital-based and clinic-based studies have identified distinct differences in the risk factors between typical AMD and PCV. Sakurada et al studied patients with typical neovascular AMD and PCV, and found a higher prevalence of patients with older age, diabetes mellitus, and end-stage renal disease in typical AMD than in PCV.^[@R29]^ Ueta et al^[@R30]^ reported that the prevalence of diabetes mellitus was greater in typical AMD than in PCV, whereas a previous history of central serous chorioretinopathy (CSC) was more frequently detected in PCV than in typical neovascular AMD. Woo et al conducted a comparative study in 314 subjects with typical AMD or PCV, and found that older age, higher body mass index, and higher education level to be more strongly associated with PCV than with typical AMD.^[@R23]^

ETIOLOGY AND MECHANISMS OF PCV
==============================

The exact etiology of PCV is yet to be clearly elucidated. One theory attributes PCV as a part of the pachychoroid spectrum, whereas the other theory suggests that PCV is a variant of AMD. Imaging and histopathological studies support both proposed etiologies of PCV.^[@R31]^ Histopathology of PCV samples have shown presence of enlarged choroidal arterioles and venules with hyalinization of the arterioles.^[@R32]^ The arteriole hyalinization represented replacement of the elastic lamina with pseudo-collagenous material.^[@R33]^ Also noted was the loss of the overlying retinal pigment epithelium (RPE), Bruch membrane, and the choriocapillaris.^[@R34]^ Choroidal venous stasis caused by suspected arteriovenous changes can lead to choroidal venous endothelial damage and hyperpermeability. This in turn leads to exudation of blood and fibrinous material into the extravascular space. Increased pressure secondary to dilated large choroidal vessels and extravasation in the extravascular space also results in the loss of RPE and the inner choroid in PCV.^[@R34]^ These histopathological features along with findings such as absence of fibrosis or granulation in PCV,^[@R33]^ which are commonly found in neovascular AMD,^[@R35]^ support the pachychoroid pathogenesis theory of PCV. Histopathological findings also suggest that the fibrovascular membranes in PCV occur within the Bruch membrane under the RPE, implicating PCV might be a variant of neovascular AMD.^[@R36],[@R37]^

Imaging studies also seemed to have some division with respect to the etiology of PCV. ICGA depicts the presence of dilated and hyperpermeable choroidal vessels with abnormal branching vascular networks, which fill spontaneously with or just after the choroidal arterioles.^[@R38]^ Nodular polypoidal lesions with varied morphological appearances arise from these abnormal vascular networks.^[@R31]^ The presence of focal areas of choroidal thickening with dilated Haller vessels (pachyvessels) with attenuation of Sattler layer and choriocapillaris underlying the area of abnormal vascular networks and polyps on spectral-domain OCT (SD-OCT) highlights the abnormal choroidal circulation in PCV.^[@R39]^ An important disease entity which reinforces the relationship between PCV and pachychoroid spectrum is pachychoroid neovasculopathy,^[@R40]^ which like PCV, presents with a thickened choroid and absence of typical AMD features. An occult neovascular membrane pattern on FA and the location of the abnormal vascular network and polyps on SD-OCT under the RPE are imaging features favoring PCV to neovascular AMD.^[@R40],[@R41]^ The underlying etiology of PCV has been reported to influence the treatment outcomes in PCV. Eyes with thicker choroids showed more CSC-like changes and less favorable anatomical response after anti-vascular endothelial growth factor (anti-VEGF) injections.^[@R42]^

Several classification systems have been proposed to help better understand the mechanism and the etiology of PCV. The majority of them are based on multimodal imaging which predominantly include ICGA and SD-OCT. Demographic features such as age were also considered by a few classifications.^[@R43]^ Various imaging findings such as the presence and nature of feeder vessels,^[@R43]^ the type of abnormal vascular network and its angiographic features,^[@R43],[@R45]^ and choroidal vessels on SD-OCT have been employed to classify PCV into typical/idiopathic PCV or polyps associated with AMD/polypoidal choroidal neovascular membrane.^[@R46]^ Further studies to evaluate specific features of these classifications will help enhance our understanding in the mechanisms driving the development of PCV.

GENETICS OF PCV
===============

Various genes have been implicated in the pathogenesis of AMD and PCV and these include *Complement Factor H* (*CFH*) gene (1q32) and 2 tightly linked genes on chromosome 10q26, namely age-related maculopathy susceptibility 2 (*ARMS2*) and high-temperature requirement factor A1 (*HTRA1*).^[@R47],[@R48]^ Single-nucleotide polymorphisms (SNP) on *ARMS2/HTRA1* genes, which include rs10490924 (A69S) and rs11200638, are established risk factors for the development of PCV. The association between these genetic association with PCV is weaker when compared with neovascular AMD.^[@R49]^ Significant interactions between smoking status and SNP in an inflammation-related gene, formyl peptide receptor 1 (*FPR1*), complete factor G and *HTRA1* genes have also been found.^[@R50]^ Other genetic associations with PCV include a missense mutation at rs5882 on the *cholesteryl ester transfer protein* (*CETP*) gene,^[@R51]^ and the rs10757278 SNP on chromosome 9q21.^[@R52]^ The former is involved in high-density lipoprotein metabolism, whereas the latter is associated with risk of coronary artery disease. Both these gene loci have not found to be associated with increased risk of neovascular AMD. SNPs in the *angiopoietin 2* (*ANGPT2*) gene, which is a gene involved in vascular homeostasis and angiogenesis, has also been found to be associated with both neovascular AMD and PCV.^[@R53]^ A recent genetic study using exome sequencing has also identified a missense variant in the *FGD6* gene to be associated with increased risk of PCV development via oxidized phospholipids.^[@R54]^

The A69S variant in the *ARMS2* gene has been demonstrated to correlate with various phenotypical features of PCV. These include lesion size of the polypoidal lesions on ICGA, exudative activity, and association with hemorrhagic or sub-pigment epithelial lesions.^[@R55]--[@R57]^ A stronger association of the A69S variant is associated with type 1 PCV (choroidal neovascularization) when compared with type 2 (abnormal choroidal vasculature) PCV, which might explain the stronger association of certain variants with neovascular AMD.^[@R44],[@R58]^ Overall, the genetic makeup predisposing to PCV is heterogeneous and needs further definitive elucidation.

DIAGNOSIS OF PCV
================

Clinical Characteristics of PCV
-------------------------------

Patients with PCV may present with varying degree of visual impairments as a result of serous maculopathy (with or without lipid exudation) or hemorrhagic maculopathy with differing level of blood components, ranging from minimal amount of bleeding to massive subretinal hemorrhage or breakthrough vitreous hemorrhage (Figs. [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}). These clinical characteristics of PCV may mimic other retinal diseases causing fluid and/or hemorrhage in the macula including CSC, parafoveal telangiectasia, typical neovascular AMD, retinal angiomatous proliferation, and retinal arterial macroaneurysm. Fibrovascular pigment epithelium detachment (PED), or "subretinal orange nodule," is commonly seen in PCV eyes either with or without hemorrhage inside the lesion. As mentioned previously, although it is still controversial whether PCV is a subtype of neovascular AMD or a different disease entity, the absence of typical soft drusen in the fellow eye may help differentiate PCV from typical neovascular AMD. If the serosanguineous or hemorrhagic maculopathy in one eye is caused by neovascular AMD, or is at an advanced stage of AMD, the fellow eye should demonstrate at least some signs of early AMD. Therefore, without soft drusen in the fellow eye, the diagnosis is more likely to be PCV or other diseases, rather than neovascular AMD. However, the presence of drusen in 1 eye does not exclude PCV, as some PCV patients may have co-existing drusen in one or both eyes. Apart from the macula, PCV lesions may be located in the peripapillary or even in the extramacular regions. Patients with extramacular PCV or macular PCV, which is quiescent, may be asymptomatic and are usually diagnosed at a screening examination or when the fellow eye developed active PCV.

![Left eye of a PCV patient presented with serous maculopathy with lipid exudates and fibrovascular PED (arrowhead) (A). FA showed stippled hyperfluorescent staining of fibrovascular PED (arrowhead) (B). ICGA revealed focal hypercyanescent polypoidal lesion (arrowhead) with hypofluorescent halo and adjacent BVN (C). B-scan OCT across the polypoidal lesion showed highly suggestive features of PCV including sharply-peaked PED, notched PED, and hyperreflective ring underneath the PED, along with subretinal and intraretinal fluid (D). BVN indicates branching vascular network. FA indicates fluorescein angiography; ICGA, indocyanine green angiography; OCT, optical coherence tomography; PCV, polypoidal choroidal vasculopathy; PED, pigment epithelial detachment.](ap9-9-260-g001){#F1}

![Right eye of a PCV patient with massive hemorrhagic maculopathy (A). FA showed stippled hyperfluorescent staining of fibrovascular PED (arrowhead) surrounded by hypofluorescent blockage due to hemorrhage (B). ICGA revealed a grape-like hypercyanescent polypoidal lesion (arrowhead) surrounded by hypofluorescent halo (C). B-scan OCT across the lesion showed highly suggestive features of PCV including multiple notched PED and hyperreflective ring underneath the PED (arrow), along with subretinal fluid and hemorrhage (D). FA indicates fluorescein angiography; ICGA, indocyanine green angiography; OCT, optical coherence tomography; PCV, polypoidal choroidal vasculopathy; PED, pigment epithelial detachment.](ap9-9-260-g002){#F2}

Diagnostic Criteria for PCV
---------------------------

At present, there are 2 sets of well-established diagnostic criteria for PCV: the criteria proposed by the Japanese Study Group of PCV and the EVEREST Study criteria.^[@R59]--[@R61]^ In 2005, the Japanese Study Group of PCV proposed a set of diagnostic criteria for PCV.^[@R59]^ Definite PCV cases were diagnosed when one or both of the following criteria are met: protruding orange-red elevated lesions on fundus examination, and characteristic polypoidal lesions seen on ICGA. Criteria for probable PCV cases included: only an abnormal vascular network seen on ICGA, or recurrent hemorrhagic and/or serous PED.^[@R59]^ Later in 2012, members of the steering committee for the EVEREST Study proposed the EVEREST Study criteria for PCV diagnosis to be used in the EVEREST Study, the first multicentered randomized controlled clinical trial evaluating treatments for PCV.^[@R60]^ The diagnosis of PCV was based on the presence of focal subretinal hyperfluorescence on confocal ICGA within the first 6 minutes plus ≥1 of the following criteria: nodular appearance of polyp(s) on stereoscopic examination, hypofluorescent halo around nodule(s), presence of a branching vascular network, pulsation of polyp(s) on dynamic ICGA, orange subretinal nodules on color fundus photography, or massive submacular hemorrhage (≥4 disc areas in size).^[@R60],[@R61]^ Subsequently, the EVEREST Study criteria were also used in the EVEREST II study.^[@R62]^

ICGA
----

ICGA has been considered as the criterion standard for PCV diagnosis,^[@R63]^ and is essential to make a definitive diagnosis of PCV according to the Japanese Study Group of PCV and the EVEREST Study criteria.^[@R59]--[@R61]^ After intravenous injection of indocyanine green (ICG), 98% of the ICG molecule remain highly bound to protein. As the diffusion of ICG molecules through the choriocapillaris is limited, this will result in the retention of ICG within the choroidal vasculature. This characteristic makes ICGA an ideal imaging to visualize choroidal vasculature. In PCV, ICGA reveals 2 basic vascular features: a branching vascular network (BVN) beneath the Bruch membrane, and vascular aneurysmal dilations at the border of the vascular network.^[@R64]^ The latter characteristics of ICGA have sometimes been described as focal nodular subretinal hypercyanescent lesions and are fundamentally required to make a definite diagnosis of PCV.^[@R59]--[@R61]^ A study by Cheung et al evaluated fundus camera-based and confocal scanning laser ophthalmoscope-based ICGA systems and found that both systems were able to detect \>80% of PCV, however, the confocal scanning laser ophthalmoscope is superior in detecting the BVN.^[@R65]^

Although ICGA plays an important role in the diagnosis of PCV, it is invasive, time-consuming, and requires specific equipment, which may not be available in some ophthalmology clinics or hospitals. Other alternative imaging modalities have therefore also been used and might be useful to help in differentiating PCV from neovascular AMD or other retinal diseases.

Spectral Domain Optical Coherence Tomography (SD-OCT)
-----------------------------------------------------

SD-OCT is a rapid, noninvasive imaging tool, which can provide a high-resolution cross-sectional image of the retina and choroid. Characteristics of PCV on SD-OCT include features of polypoidal lesions such as sharply peaked PED, PED notch, hyperreflective ring underneath PED, and feature of BVN: the double layer sign (a thin separation between the RPE and Bruch membrane). Several studies have evaluated the sensitivity and specificity of SD-OCT compared with ICGA for the diagnosis of PCV. De Salvo et al evaluated 51 eyes with PCV or neovascular AMD, and results demonstrated a 95% sensitivity and 93% specificity in differentiating PCV from neovascular AMD when ≥3 of the 4 SD-OCT features are present: sharp PED peak, PED notch, hyporeflective lumen within hyperreflective lesion adherent to outer surface of the RPE, and multiple PEDs.^[@R66]^ In a study by Liu et al,^[@R67]^ which evaluated the SD-OCT findings of 188 eyes with PCV or neovascular AMD, results suggested that SD-OCT had a 89% sensitivity and 85% specificity in identifying PCV when ≥2 of the 3 signs were present: PED, double-layer sign, and thumb-like polyp. Subsequent studies from South Korea and China also found similar abilities of using SD-OCT to differentiate PCV from neovascular AMD.^[@R68],[@R69]^

In addition to using SD-OCT alone, recently, a study from Thailand evaluated the combined role of color fundus photography (CFP), SD-OCT, and FA in differentiating PCV from neovascular AMD or CSC.^[@R70]^ Results demonstrated that when at least 2 of 4 highly suggestive features identified on SD-OCT and CFP were present, a 95% specificity and 95% sensitivity in diagnosing PCV could be achieved. Four highly suggestive features included fibrovascular or notched PED on CFP, sharply peaked PED (PED with 70--90 degree angle) on SD-OCT, notched PED on SD-OCT, and hyperreflective ring underneath the RPE on SD-OCT.^[@R70]^ Another study also evaluated the roles of CFP and SD-OCT in differentiating PCV from neovascular AMD and found a 94% sensitivity and 93% specificity.^[@R71]^

OCT Angiography
---------------

OCT angiography (OCTA) is a novel noninvasive imaging technology, which enables the detection of vascular blood flow in the retinal and choroidal vasculatures without the use of exogenous dye. A number of studies have evaluated the role of OCTA in diagnosing PCV, and results suggested that OCTA seems to be equal or may be superior than ICGA in detecting BVN, but inferior in detecting polypoidal lesions.^[@R72]--[@R75]^ The rationale explaining why some polypoidal lesions were not detected on OCTA have been explored. Fukuyama et al evaluated 62 polypoidal lesions detected on ICGA and 79% were detected on OCTA.^[@R76]^ The findings showed that polypoidal lesions which were not detected on OCTA had slower blood flow as manifested by a longer choroid-to-polyp dye infusion time on ICGA.^[@R76]^ Another study reported that polypoidal lesions that were difficult to be visualized on OCTA were lesions, which are pulsatile in early ICGA, covered with thick subretinal hemorrhage or retinal vessels.^[@R77]^ Recently, a study by Cheung et al demonstrated that the detection of PCV lesions by OCTA can be improved by using a combination of structural SD-OCT and OCTA findings.^[@R78]^

Regarding the latest swept-source OCTA (SS-OCTA) technology, which allows superior quality of angiographic images than spectral-domain-OCTA-based images, a recent study by Bo et al performed SS-OCTA using the Plex Elite 9000 system (Zeiss, USA) to evaluate the morphologic characteristics of PCV in 20 patients.^[@R79]^ SS-OCTA demonstrated that PCV lesions appeared as tangled vascular structure rather than polypoidal lesions.^[@R79]^ These novel findings await for further evaluations to determine their clinical significance.

FA
--

According to the sub-RPE location of PCV lesions, FA commonly demonstrates that the majority of PCV eyes will have an occult choroidal neovascularization (CNV) pattern of leakage and only a small proportion will have a classic CNV leakage pattern on FA.^[@R80]^ Compared with the features on CFP and SD-OCT, FA features have a relatively lower accuracy in differentiating PCV from neovascular AMD or CSC.^[@R70]^ Another study also revealed that additional FA information did not increase an accuracy of PCV diagnosis when physicians already had CFP and SD-OCT information.^[@R81]^ Nevertheless, FA may be beneficial to evaluate leakage of the polypoidal lesions or BVN.

Multicolor Imaging
------------------

Multicolor imaging is a novel imaging modality in which reflectance images from 3 different wavelengths are obtained simultaneously.^[@R82]^ The combination of 3 reflectance images results in a pseudo-color image. A study by Tan et al has evaluated the features of PCV on multicolor imaging and results demonstrated that polypoidal lesions were most clearly seen on infrared reflectance (IR) image, in which they appear as dark gray oval lesions with distinct margins.^[@R83]^ On multicolor composite images, polypoidal lesions appear as dark green oval lesions. For BVNs, they appeared as mottled gray areas on IR imaging and were seen less frequently compared with polypoidal lesions.^[@R83]^ Another study compared the use of multicolor imaging and CFP in detecting PCV lesions and results suggested that both investigations were comparable in the detection of PCV lesions and multicolor imaging may therefore be considered as an alternative to CFP.^[@R84]^

Artificial Intelligence
-----------------------

Despite the rapidly increasing number of studies evaluating the application of artificial intelligence (AI) in ophthalmology, studies which have utilized AI in evaluating PCV is somewhat limited. A recent study by Yang et al evaluated the feasibility of training AI on a publicly-available AI platform to diagnose PCV using ICGA.^[@R85]^ Two methods in using AI models were trained by a dataset which included 430 ICGA images of normal, neovascular AMD, and PCV eyes on a publicly available AI platform. Results suggested that the 2-step method (identification of normal and abnormal ICGA images during the first step, and diagnosing PCV from the abnormal ICGA images during the second step) was able to distinguish normal and abnormal images with an accuracy of 100%, and diagnosed PCV with an accuracy of 83%, which was comparable to retinal specialists and superior to ophthalmology residents.^[@R85]^ Future studies are warranted to investigate other AI models for PCV.

TREATMENT OF PCV
================

PCV is a complex disease that requires an individualized approach for optimal long-term patient outcomes. Visual loss may result from hemorrhage from the polypoidal lesions and/or exudation usually from the branching vascular network. There are several treatment modalities available for PCV, including anti-vascular endothelial growth factor (anti-VEGF) therapy, verteporfin photodynamic therapy (vPDT), a combination of these therapies, and focal laser photocoagulation.^[@R38],[@R86]^

Several randomized controlled trials have been performed to evaluate various therapies in PCV. The EVEREST II study (NCT01846273) was a large, randomized, multicenter study, which evaluated the efficacy and safety of intravitreal 0.5 mg ranibizumab with or without full-dose full-fluence vPDT in patients diagnosed with PCV.^[@R62]^ Study participants were treated with 3-monthly intravitreal ranibizumab (IVR) injections with active or sham vPDT according to randomization arm. From month 3 onwards, participants were monitored monthly and additional treatment was given according to a pro re nata regimen if there was disease activity according to the prespecified criteria assessed clinically and based on imaging. Repeat sham/active vPDT could be repeated every 90 days if there was disease activity associated with active polypoidal lesions on ICGA. Results from the EVEREST II study demonstrated that IVR combined with vPDT resulted in higher gains in best-corrected visual acuity (BCVA) (8.3 vs 5.1 Early Treatment Diabetic Retinopathy Study letters) and higher rate of polypoidal lesion regression (69.3% vs 34.7%) at month 12 (primary endpoint) compared with the IVR monotherapy arm. When comparing treatment burden across 1 year, patients in the combination arm received a mean of 1.5 vPDT treatment sessions and a mean of 5.2 IVR injections, whereas patients in the IVR monotherapy arm received a mean of 7.3 IVR injections. At 24 months, the combination therapy arm remained superior in both improving visual acuity (+9.7 letters vs + 5.6 letters; *P* = 0.005) and achieving complete polypoidal lesion regression (56.6% vs 26.7%; *P* = 0.0001) compared with the IVR monotherapy arm. When comparing treatment burden across 24 months, patients in the combination arm received a mean of 2.2 vPDT treatment sessions and a mean of 8.1 IVR injections, whereas patients in the IVR monotherapy arm received a mean of 12.5 IVR injections.

The PLANET study evaluated intravitreal aflibercept (IVA) 2 mg/0.05 mL monotherapy with or without deferred rescue vPDT.^[@R87],[@R88]^ All study participants received IVA every 4 weeks until week 12, when they were randomized in a 1:1 ratio to IVA monotherapy or combination therapy (IVA + vPDT, if rescue criteria were met). Patients not requiring rescue continued to receive fixed doses of IVA every 8 weeks, whereas those who have met the rescue criteria received IVA every 4 weeks plus sham/active PDT. At month 12, similar visual gains (+10.9 letters IVA monotherapy and 10.7 letters IVA combination) and polypoidal lesion closure rates (38.9% IVA monotherapy and 44.8% IVA combination) were achieved in the 2 treatment arms.^[@R87]^ Only 18% and 15.9% of patients in the combination therapy arm and IVA monotherapy arm, respectively, required rescue therapy. After week 52, aflibercept injection intervals could be extended beyond 8 weeks at the discretion of the investigators. At week 96, the IVA monotherapy arm was noninferior to combination arm in terms of mean improvement in BCVA (+10.7 vs + 9.1, *P* = 0.48).^[@R88]^ Proportions of patients with complete polyp regression (33.1% vs 29.1%) or without active polyps (82.1% vs 85.6%) were similar. During the second year, the mean number of IVA injections was 4.6 in both arms. No new safety signals were observed.

Thus, although the EVEREST II study demonstrated both BCVA and an anatomic benefit of combination IVR + vPDT therapy over IVR monotherapy, the PLANET study did not identify a benefit of adding rescue vPDT to IVA over IVA monotherapy. This apparent contradiction may be partly explained by the different manners in which vPDT was employed in the 2 trials: in the EVEREST II study, combination therapy utilized vPDT at baseline to all participants randomized to the treatment arm. In contrast, in the PLANET study, vPDT was not allowed within the first 12 weeks. After 12 weeks, it was applied in a "rescue\" manner, and was used only in selected subjects who have met the rescue criteria which required demonstration of lack of visual gain and presence of active polypoidal lesions. In fact, after the first 3 initial IVA injections, \>75% of eyes had no fluid on SD-OCT, explaining why a low proportion of eyes received vPDT in this study.

Apart from these 2 large pivotal randomized controlled trials in PCV, other variations in treatment regimens have been evaluated in smaller studies. For example, initial IVR with deferred PDT was evaluated in the FUJISAN study,^[@R89]^ which demonstrated that both initial and deferred PDT combined with IVR showed similar visual and anatomical improvements at 12 months. However, initial PDT combination led to significantly fewer additional treatments. The ALTAIR study evaluated the efficacy and safety of IVA monotherapy according to a treat-and-extend protocol based on 2-weekly or 4-weekly increment.^[@R90]^ In the subgroup of study participants with PCV (36.6% of all study participants), visual gain of 7.5 to 8.2 Early Treatment Diabetic Retinopathy Study letters was achieved at week 52, with \>54% of participants achieving a retreatment interval of ≥12 weeks. In the AURORA study, which evaluated the efficacy and safety of multiple injections of 0.5 and 2.0 mg conbercept using variable dosing regimens in patients with neovascular AMD, 53 (43.4%) of 122 participants had PCV subtype.^[@R91]^ At month 12, mean changes in BCVA from baseline were 14.4 ± 14.1 letter scores for the 0.5 mg group and 14.2 ± 21.0 letter scores for the 2.0-mg group. Complete regression of polyps was observed in 56.5% of patients in the 0.5 mg group and 52.9% of those in the 2.0 mg group, respectively.

Brolucizumab was recently approved by the US Food and Drug Administration for the treatment of neovascular AMD based on findings from the phase 3 HAWK and HARRIER studies, which demonstrated noninferiority of brolucizumab 6 mg every 12 weeks/every 8 weeks versus aflibercept 2 mg every 8 weeks after loading doses in mean BCVA change at week 48 for treatment-naïve neovascular AMD.^[@R92]^ In a subanalysis of the HAWK study which evaluated the treatment outcomes of Japanese participants with PCV, robust BCVA gains were observed across all treatment arms, confirming the efficacy of anti-VEGF monotherapy using brolucizumab and aflibercept for both typical neovascular AMD and PCV patients.^[@R93]^ The mean BCVA change from baseline at weeks 48 and 96 was 10.4 and 11.4 letters, respectively, in the brolucizumab 6-mg group (n = 39), and 11.6 and 11.1 letters in the aflibercept group (n = 30). Two-thirds (68%) of Japanese PCV patients treated with brolucizumab 6 mg maintained on quarterly dosing immediately after the loading phase to week 96.^[@R93]^

Although intravitreal bevacizumab has been used off-label to treat PCV, these are mostly limited to case series in which limited polypoidal lesion regression was observed and multiple repeated injections are required.^[@R94]--[@R96]^ Thermal focal laser photocoagulation has been used for extrafoveal and extramacular polypoidal lesions in several studies.^[@R86]^ Laser photocoagulation may also be applied in combination with intravitreal anti-VEGF injections in extrafoveal PCV with hemorrhage or exudation that extends to the fovea.^[@R97]^ However, limitations include scarring, RPE tears, persistent exudation, recurrence of polypoidal lesions, and development of secondary CNV.

CONCLUSIONS
===========

As highlighted in this review, PCV is more common in Asian populations than in white populations. Based on epidemiological, histological, and genetic studies, there seemed to be some similarities and differences in the pathogenesis of PCV compared with neovascular AMD. In particular, PCV patients are generally younger than typical neovascular AMD patients and more PCV patients had a history of CSC, suggesting that pachychoroid changes are likely to be involved in the development of PCV. Recent technological advancements in multimodal ocular imaging including high resolution SD-OCT and OCTA imaging have led to increased sensitivity and specificity in diagnosing PCV without the use of ICGA. This will enable more clinicians to better diagnose PCV despite having a lack of ICGA.

For the treatment of PCV, various clinical trials have demonstrated significant visual gains and reduction in disease activity, with either using anti-VEGF monotherapy or combination therapy of anti-VEGF with vPDT. However, there are considerable variations in treatment response, suggesting that significant heterogeneity exist among patients with PCV. Whether different anti-VEGF agents have different efficacy when used as monotherapy in PCV has not been evaluated in head-to-head studies. Differences in baseline ocular characteristics, such as choroidal thickness and choroidal vascular hyperpermeability, have been proposed but none has been validated in clinical trial dataset. Future research should be directed toward the identification of clinical and imaging biomarkers, which may aid in optimization of PCV management.
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